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HOORGANIC CHEMIESTRY

EHCALIONS OF ARTIFFCIAL INFLEE G N

Bond 1ypes (sngle. double taple, aromatic)

How to detedt topalopical symimetry

How 1o compute degree of unsaturation from

How to draw reasonable planar projections of m

How to gencrate afl isomers mcduding tased nnps. spaco for

How to generate all sterenisomers

flow to find cycles and arbitranty complex subgraphs

How to find the greatest common subgraph among a st of graphs

How to label nodes and edges of graphs s all distinet ways, faking sccount ot

symmetry

m. How to simulate specific chemical transtormations, such as synthetie reactions

. Knowledge of chemical stability

3. Twenty classes of unstable acyclic structures known; any others can he speciticd

b. How to recognize keto-enol tantomensm, other tintomers can be wpeafic

¢. Terpenc rule

d. Isoprenc rule

e. Biedt'srule

Knowfedge of mass spectrometry

2. How to infer the formula of any molecular ion

b. How to compute results of any specified fragmentation and rearrangement

¢. How to predict metastahle peaks and use them tor confinmation of interences

d. Rule of charge placement on tragments (hut not on atoms)

e. Half-order theory pruduces rough prediction of actual spectra

f. Refined theory can be added for any fanuly of structures (now available for
ketones, ethers, alcohals, amines, thiols, thioethers, estrogeme sterowds, keto-
androstanes, marine sterols. and aromate acids)

g McLafferty rearrangement, water elimination, carbon mupaxude elimmation,

carbon dioxide elimination, and elimination of other user Jdefined “neutr,

mpirical tonuuls

cular stractures
e
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h. Drstinguishes high- and low-resolution spectra

i Distingusshes low valtage and high voltage measurements

Knowledge not availabie to DENDRAL

2. Three-dimensional structure (except of sterevtsomerisim)

b. Polymeric structures

¢. Quantum mechancal explanations of mass spectrometry processes

4. Electronegativity :

e. Phystcal properties such as Jdipute moment. molecular susceptibthty . melting
point, crystal structure, and many others

bl

In addition, all the knowledge of LISP 15 presupposed by the DENDRAL programs
For example. anthmetic and set thevretic operations. symbot mampulation. ynterprets
ton of complex procedures, and countless hookkeeping apecitions Connderahle
amounts of code are devoted to keeping track of intermeduate results i the overall
processing This “speciatized hookkeeping™ hnowledge 15 nat very profound. et it s
indispensable for the integration of many complex procedures.
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Aliont ol DENDBR AL S hnowledpe v Laosed 1o the tash of mokeculksr stracture

papite ot

velegance and

ity ol computug concepts we have (o
DENDRAL a:e sull very specisd purguose.,

the procedures, and knowledge base, more genera!
f

shlcinsolvime proceduies

rden of debupgang them i ot cawes

9.2.2 How I Knowledge Fmiployed in Heuristic DENDRAL and
Meta-DENDRAL?

tn Chapter ¥ e desaribed the ontanization of problent-sotving systems. The magar he
furcation was between gleonthms and hewntie programs. Heunstic programs were
turther Charactetized as aither search theoueh a space of subproblems ot as generation
ob candidates Trom o yywce of potennal sohions. 1t also posable that a problem
spuce consnts of partual solutions, as o the HEARSAY speechunderstanding system.

[Eriman and Fesser (197%) among others] A space of partual solutions s i cffect o
« natin of 3 space ot solutions and a space ot subproblems.
In cither case, search o getieration, the alternatives considered may be hmited to

thowe known to be legal according to a given rule. or to those that are merely plausthie. o
\

rd

I cach case, problem solving may termmate with the discovery of a satisfactory solu-
tion. or proceed unti! the optimal solutien is found

Tor this imtral diviston ot henastic programs, we added the concept of planning s .
exemphitied by the planming phase of DENDRAL's basic solution generation method. A

More geactally. the use of planaing can lead to computational economies in two ways,
Planning can prune the space (ot subprohlems or solutions) by eluminating t..r.:::u,:.
toand directing search o certam other sections, or it can gu the problem solving, /
cither by ordenimt the search/generation sequence, or by modifying « subproblem/

solittsan casbidate 1o produve the next, using 4 hli<hmbing fevoluttmars ) method.
in the bvbod case of g space of partial sulutions. both pruming and gutdan. e methods
are appl

Planmng, furthenmore, may be characterized along a different dimension. It may Qﬁbv
be datadriven o1 expectationdnven Datadniven planmng begins by examination of v
data ttrom anstruments, perhaps) and artempts toinduce hy potheses to gccount for it
Expectation-daven planmng begms with a medel of the phenomenon and uses it to es-
tablish expectations -
{115 possible to estahlish 2 taxonomy of problem-solving systems based on these
tour hinary charactensucs (1) subproblem space versus solution space. (2) legal versus 1
plausihle alternatives considered. (1) pruming heunstics versus gusdance heuristics, and
31 data drven versus expectatinondnven While such a taxonomy s useful, it should
he rememhered that the values of these dimenaons are not muatnally exdlusive nor ex
e
Y

g g e > ) 1 F
wustive amd indeed greater power probably denve from tuture sy dtems that com-
Rine thewe methodsm vy
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Hewnaere DENDRAL nay Se Charactenized asa gencrator of fegal solutions with
m—

W
the provramming. Jebue

These cegsomn we beok Torw gd to adsances in autematie programming that wilh ampehis

meand saterty e af Lomphes prinedures Al — %
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